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(54) Mobile telecommunication system comprising an adaptive base station antenna 



(57) The present invention relates to a mobile tele- 
communication system (1 ) comprising at least one Base 
Station (BS) and at least one User Equipment (UE), a 
Base Station (BS) having an adaptive antenna (2) for 
downlink- and uplink-transmission of signals between 
said Base Station (BS) and a User Equipment (UE) by 
means of an adjustable antenna-beam (3). The anten- 



na-beam (3) is adjusted by means of a closed loop con- 
trol, preferably by using the functionality of a closed loop 
power control (CLPC) of the telecommunication system 
(1). The telecommunication system (1) is preferebly a 
Universal Mobile Telecommunication System (UMTS) 
which transmits the signals between said Base Station 
(BS)and said User Equipment (UE) according to a Code 
Division Multiple Access (CDMA)-method. 
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Description 

[0001] The present invention relates to a mobile tele- 
communication system comprising at least one Base 
Station and at least one User Equipment, a Base Station s 
having an adaptive antenna for downlink- and uplink- 
transmission of signals between said Base Station and 
a User Equipment by means of an adjustable antenna- 
beam. — 
[0002] Furthermore, the invention relates to a Base io 
Station of a mobile telecommunication system, the Base 
Station having an adaptive antenna for downlink- and 
uplink-transmission of signals between said Base Sta- 
tion and a User Equipment of said mobile telecommu- 
nication system by means of an adjustable antenna- is 
beam. 

[0003] Finally, the invention relates to a User Equip- 
ment of a mobile telecommunication system comprising 
at least one Base Station and at least said User Equip- 
ment, a Base Station having an adaptive antenna for 20 
downlink- and uplink-transmission of signals between 
said Base Station and said User Equipment by means 
of an adjustable antenna-beam. 

[0004] There are mobile telecommunication systems 
known in the state of the art comprising at least one 25 
Base Station and at least one User Equipment. The Us- 
er Equipment, for example, is a mobile phone of an end 
user. The Base Stations of these known telecommuni- 
cation systems use so called omni-antennas for down- 
link- and uplink-transmission of signals between a Base 30 
Station and a User Equipment. With transmission emit- 
ting as well as receiving is intended. The omni-antennas 
emit signals to all sides of the antenna. The transmitted 
signals may be information-signals containing voice da- 
ta or other information respectively or they may be con- 35 
trol-signals containing data for controlling the transmis- 
sion between the Base Station and the User Equipment. . 
[0005] Other known telecommunication systems use 
adaptive antennas instead of omni-antennas. The adap- 
tive antennas are used for downlink- and uplink-trans- 40 
mission of signals between the Base Station and the at 
least one User Equipment by means of an adjustable 
antenna-beam. The antenna-beam may be adjusted in 
its direction, in its width or in any other dimension re- 
spectively. By adjusting the antenna-beam the efficien- 45 
cy of the antenna is improved, that is the transmission 
may be carried out with less antenna -power. 
[0006] In the state of the art telecommunication sys- 
tems with adaptive antennas being divided into various 
sektors are known. For uplink-transmission it is possible so 
to activate those sectors of the antenna, in which the 
signal received from a User Equipment is strongest. The 
antenna-beam is adjusted in order to maximize the re- 
ceived signal. 

[0007] For downlink-transmission the adjustment of 55 
the antenna-beam is more complicated. It is possible to 
make the User Equipment emit some kind of an uplink- 
signal from time to time. The Base Station may receive 



the uplink-signal. It is possible to activate those sectors 
of the antenna, in which the uplink-signal is strongest 
and to adjust the antenna-beam for downlink-transmis- 
sion according to the activated sector. 
[0008] However, this kind of adjustment of the anten- 
na-beam has the disadvantage that the telecommuni- 
cation system has to be calibrated, that is it has to be 
determined how the antenna-beam is to be adjusted ac- 
-cording-to-the-uplink-signaUn order-to besLreach_the 
User Equipment with the antenna-beam for downlink- 
transmission. The calibration of the telecommunication 
system may vary due to fluctuations of temperature or 
due to the variation of other external parameters. This 
may make necessary a repeated calibration of the tele- 
communication system. 

[0009] It is therefore an object of the present invention 
to provide a mobile telecommunication system of the 
kind mentioned in the beginning, which allows an ad- 
justment of an adaptive antenna in a more simple way 
[0010] According to the invention, this object is solved 
by a mobile telecommunication system of the kind men- 
tioned in the beginning, characterized in that said an- 
tenna-beam is adjusted by means of a closed loop con- 
trol comprising said Base Station and said User Equip- 
ment, 

said Base Station comprising first means for varying 
said antenna-beam in at least one dimension ac- 
cording to a given jitte ring-code and for emitting 
said signals with a given emitting characteristic, 
said User Equipment comprising second means for 
receiving said signals with a certain receiving char- 
acteristic, 

said User Equipment comprising third means for 
evaluating said receiving characteristic, 
said User Equipment comprising fourth means for 
emitting a correction-signal which depends on the 
result of said evaluation of said receiving character- 
istic, 

said Base Station comprising fifth means for receiv- 
ing said correction-signal and 
said Base Station comprising sixth means for ad- 
justing said antenna-beam according to said cor- 
rection-signal. 

[0011] The mobile telecommunication system accord- 
ing to the present invention has the advantage, that the 
antenna-beam of the adaptive antenna can be adjusted 
in a very simple way. For adjusting the antenna-beam a 
closed loop control comprising the Base Station and the 
User Equipment is used. By means of the closed loop 
control the antenna-beam can be adjusted in order to 
follow a User Equipment moving around within the 
range of the Base Station, so called beam-tracking can 
be performed. The effect of fluctuations of temperature 
or the variation of other external parameters will be com- 
pensated within the closed loop control. The telecom- 
munication system has to be calibrated only roughly, the 
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fine-adjustment of the antenna-beam is carried out by 
the closed loop control. 

[0012] The Base Station of the mobile telecommuni- 
cation system according to the present invention com- 
prises first means for varying said antenna-beam. The 
first means may vary the antenna-beam in one or more 
different dimensions. These dimensions may be, for ex- 
ample, the direction or the width of the antenna beam. 
The antenna-beam is varied according to a given jitter- 
ing-code. If the antenna-beam is varied in more than one 
dimension, it may be varied according to a different jit- 
tering-code for each dimension. 
[0013] Varying the antenna-beam according to a jit- 
tering-code e.g. in its direction means, that the antenna- 
beam points in a virtual direction and is varied by a few 
degrees to the left and to the right of the virtual direction. 
Whether the antenna-beam is varied to the left or to the 
right depends on the jittering-code. 
[0014] The first means also emit signals with a given 
emitting characteristic. The emitting characteristic may, 
for example, be the power, the signal-to-interference ra- 
tio (SIR) or any other physical characteristic of the sig- 
nals. Preferebly the antenna-beam is varied at a smaller 
frequency than the frequency of the signals being emit- 
ted by the Base Station. This is due to the fact that the 
third means of the User Equipment need a certain 
amount of time to evaluate the receiving characteristic 
of the signals received by the second means. 
[0015] The User Equipment comprises second 
means for receiving said signals emitted by the first 
means of the Base Station. The signals are received 
with a certain receiving characteristic. The receiving 
characteristic is usually of the same kind as the emitting 
characteristic but of different value. The receiving char- 
acteristic may, for example, be the power, the signal-to- 
interference ratio (SIR) or any other physical character- 
istic of the signals. Depending on the location of the User 
Equipment in respect to the antenna of the Base Station 
the value of the receiving characteristic will vary. If, for 
example, the varying antenna-beam reaches the User 
Equipment constantly, the receiving characteristic will 
have a more or less constant value, if, however, the var- 
ying antenna-beam reaches the User Equipment just 
from time to time, the receiving characteristic will prob- 
ably have a value oscillating with the' variation -frequen- 
cy of the antenna-beam. If the antenna-beam reaches 
the User Equipment more or less directly ("line of sight") 
it is most probable that, for example, the power of the 
received signals has a.higher value than if the antenna- 
beam reaches the User Equipment only after a number 
of reflections at the front of buildings or at a series of 
mountains ("multipath-transmission"). Therefore, it may 
be said that the receiving characteristic of the signals 
depends very much on the location of the User Equip- 
ment in respect to the Base Station. 
[0016] If, furthermore, the antenna-beam is varied in 
the dimension of its direction, the receiving characteris- 
tic of the signals will be different to the receiving char- 



acteristic of the signals if the antenna-beam is varied in 
the dimension of its width. 

[0017] The User Equipment furthermore comprises 
third means for evaluating said receiving characteristic 

5 of the signals. In addition the User Equipment comprises 
fourth means for emitting a correction-signal, which de- 
pends on the result of said evaluation of said receiving 
characteristic. The correction-signal depends on the re- 
ceiving characteristic of the signals. If the antenna- 

10 beam is varied in direction by the first means the cor- 
rection-signal may be used as an indication for the lo- 
cation of the User Equipment in respect to the Base Sta- 
tion. Accordingly, if the antenna-beam is varied in an- 
other dimension the correction-signal may be used as 

is an indication for other parameters of the User Equip- 
ment. 

[001 8] The Base Station comprises fifth means for re- 
ceiving the correction-signal. The Base Station, further- 
more, comprises sixth means for adjusting the antenna- 
20 beam according to the received correction-signal. Of 
course, before adjusting the antenna-beam, it has to be 
determined how the correction-signal has to be inter- 
preted, that is how the antenna-beam has to be adjusted 
so that the transmitted signals reach the User Equip- 
25 rrient with the highest efficiency possible. There are dif- 
ferent ways of adjusting the antenna beam, for instance, 
the direction of the virtual direction of the antenna-beam 
or the width of the antenna beam may be adjusted. 
[0019] Three different cases of possible locations of 
30 the User Equipment in respect to the Base Station have 
to be distinguished. If, in the first case, the User Equip- 
ment is located out of reach of the antenna-beam, no 
signals will be received by the User Equipment and con- 
sequently the User Equipment will not emit any correc- 
ts tion-signal. There is no correction-signal for the Base 
Station to receive and no adjustment of the antenna- 
beam is performed. A consequence may be to vary the 
antenna-beam within a larger range in order to reach 
the User Equipment with the varying antenna-beam. 
40 [0020] In the second case it is presumed that the User 
Equipment is located in respect to the Base Station in 
such a manner that the varying antenna-beam reaches 
the User Equipment only from time to time during vari- 
ation-Depending on whether the antenna-beam reach- 
es es the User Equipment or not the User Equipment will 
receive the signals with varying receiving characteristics 
and therefore will emit a varying correction-signal, de- 
pending on the result of the evaluation of the receiving 
characteristic. The Base Station will adjust the antenna- 
so beam according to the varying correction-signal. 

[0021] In the third case it is presumed that the User 
Equipment is located in respect to the Base Station in 
such a manner that it is constantly reached by the var- 
ying antenna-beam. The User Equipment will receive 
ss the signals with a constant receiving characteristic and 
therefore will emit a constant correction-signal. The 
Base Station will adjust the antenna-beam according to 
the correction-signal. 
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[0022] According to a preferred embodiment of the 
present invention said signals are transmitted by means 
of a Code Division Multiple Access (CDMA)-method be- 
tween said Base Station and said User Equipment. The 
CDMA-method is used, for instance, in mobile telecom- 
munication systems working according to the Universal 
Mobile Telecommunication System (UMTS)-standard. 
in UMTS-telecommunication systems several of the first 
to sixth means are already provided in the Base Station 
or in the User Equipment and can be used for adjusting 
the antenna-beam of a adaptive antenna of a mobile tel- 
ecommunication system according to the present inven- 
tion. With UMTS-telecommunication systems the inven- 
tion can be realized in a particularly simple way. 
[0023] Any jitte ring-codes may be used for varying the 
antenna-beam of the Base Station. If jitte ring-codes are 
used which are not orthogonal to one another, codes 
with a cross-correlation value as small as possible 
should be used. Codes from code groups known in the 
slale of the arl : which are optimized according to their 
cross-correlation value, may be used as jitte ring -codes. 
[0024] According to a preferred embodiment of the 
present invention said jittering-code is a code from an 
orthogonal code group. This means that the jittering- 
codes for the various dimensions, in which the antenna- 
beam is being varied in, of one Base Station are orthog- 
onal to one another. The signals from this Base Station 
to the various User Equipment will therefore provoke no 
mutual interferences. 

[0025] A further development of the invention sug- 
gests that the jittering-code is determined by means of 
the Walsh-Hadamard-code-tree. The Walsh-Had- 
amard-code-tree is one of various possibilities of deter- 
mining jittering-codes which are orthogonal to one an- 
other. Figure 2 shows a Walsh-Hadamard-code-tree 
with four levels. Beginning from the top of the tree the 
first level (level 0) contains only one possible jittering- 
code with a 1 -bit-length (2*0). The jittering-code of level 
0 has the value B 1 n . 

[0026] The Walsh-Hadamard-code-tree renders feas- 
able a particularly simple way for determining jittering- 
codes for varios dimensions, in which the antenna- 
beam is being varied, which are orthogonal to one an- 
other. 

[0027] According to a preferred embodiment of the 
present invention it is suggested that the jittering-codes 
of several Base Stations of the telecommunication sys- 
tem associated to the same User Equipment are syn- 
chronized to one another. By synchronizing the jittering- 
codes of these Base Stations of the telecommunication 
system mutual interferences between the signals re- 
ceived by the same User Equipment from different Base 
Stations arc prevented. Therefore, the correction-sig- 
nals received by the various Base Stations of the same 
telecommunication system have no bias, which would 
affect the closed loop control and would make the an- 
tenna-beams drift away. 

[0028] The synchronization of the various Base Sta- 



tions of the telecommunication system can be achieved 
in various ways, e. g. by transmitting a synchronisation- 
signal. According to a preferred embodiment of the in- 
vention the jittering-codes of the various Base Stations 
5 are synchronized by means of a Global Positioning Sys- 
tem (GPS). This is an easy and cheap way of synchro- 
nizing the Base Stations of the same telecommunication 
system. 

[0029] The jittering-codes-ot said -various-Base Sta- 

10 tions preferably have different values. So mutual inter- 
ferences between the signals received by the User 
Equipment from different Base Stations are prevented 
most effectively if the jittering-codes of the various Base 
Stations of the telecommunication system are orthogo- 
*5 nal to one another, if they are synchronized to one an- 
other and if they have different values. 
[0030] According to another preferred embodiment of 
the present invention said first means vary said anten- 
na-beam in one dimension and a channellisation-code 
20 of the CDMA-telecommunication system is used as said 
jittering-code. In mobile telecommunication systems, 
which transmit signals by means of the CDMA-method 
between the Base Station and the User Equipment, the 
various signals are encoded according to a channellisa- 
2S tion-code before transmission. In order to prevent mu- 
tual interferences of the signals the channellisation- 
codes are orthogonal to one another. By using these 
channellisation-codes as jittering-codes no additional 
orthogonal jittering-codes have to be created. 
30 [0031 ] Alternately, according to the present invention, 
it is suggested that said first means vary said antenna- 
beam in n dimensions and that a code is used as said 
jittering-code, which is 1 levels below the channellisa- 
tion-code of the CDMA-telecommunication system in 
35 the Walsh-Hadamard-code-tree, with 1 = round up 
- { |o 92 n }* K tne antenna-beam is varied in more than one 
dimension an orthogonal jittering-code has to be deter- 
mined for each dimension to prevent mutual interferenc- 
es of the signals of each dimension. Therefore this very 
40 simple way for determining any desired number of or- 
thogonal jittering-codes is proposed. 
[0032] For instance, if a channellisation-code of level 
7 of the Walsh-Hadamard-code-tree is used, it has a 
128-bit-length (2 A 7), which means that there are up to 
<*s 128 different channellisation-codes orthogonal to one 
another This means that up to 128 User Equipment can 
be operated simultaniously by the Base Station without 
mutual interferences of the transmission-signals be- 
tween the Base Station and the various User Equtp- 
50 ment. Of course, the adjustment of the antenna-beam 
has to be carried out for each transmission between the 
Base Station and a User Equipment in order to locate 
the User Equipment in respect to the Base Station, to 
adjust the antenna-beam accordingly and to achieve an 
ss optimum in efficiency If the antenna-beam is varied in 
n = 3 dimensions, three jittering-codes are needed. 
These are obtained by using codes which are 1 levels 
below the channellisation-code in the Walsh-Had- 
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amard-code-tree. The value of 1 is calculated with 1 = 
round up {loggn} = round up {In 3/ln 2) = round up 
{1.099/0.693} = round up {1.586} = 2. This means that 
codes are used which are two levels below the channel- 
lisat ion -code, i. e. in level 9 of the code-tree. In that case 
the jittering-codes have a 512-bit-length (2*9) and are 
created in the way described above in connection with 
the Wa!sh-Hadarnard-code-tree. 

[0033] For evaluating the receiving characteristics of- 
the signals in a very simple but effective way, according 
to a further development of the present invention, it is 
suggested that said third means compare said receiving 
characteristic with a given receiving level. The correc- 
tion-signal then depends on whether the receiving char- 
acteristic is greater or less than the receiving level. The 
correction-signal may be a binary digit indicating wheth- 
er the receiving characteristic is greater or less than the 
receiving level. 

[0034] According to another preferred embodiment of 
the present invention it is proposed that said first means 
for emitting said signals, said second means for receiv- 
ing said signals, said third means for evaluating said re- 
ceiving characteristic, said fourth means for emitting 
said correction-signal and said fifth means for receiving 
said correction-signal make part of a closed loop power 
control (CLPC) of the telecommunication system. 
[0035] The CLPC is available in most UMTS-telecom- 
munication systems, which transmit signals according 
to the CDMA-method. The CLPC makes for adjusting 
the transmit-power between the Base Station and the 
User Equipment. An uplink closed loop power control is 
provided to adjust the User Equipment transmit-power 
in order to keep the received uplink Signal-to-lnterfer- 
ence Ratio (SIR) at a given SIR-target. A downlink 
closed loop power control is provided to adjust the Base 
Station transmit-power in order to keep the received 
downlink-SIR at a given SIR-target. The function of the 
closed loop power control is described in detail in chap- 
ter 4.1.1 of the ETSI protocol "UMTS XX.07 V1.3.0 n , 
1999-01 (published by the European Telecommunica- 
tions Standards Institute (ETSI), France, Internet: http: 
//www. etsi.org). 

[0036] Roughly, the downlink closed loop power con- 
trol works in the following way. The Base Station emits 
a signal which is received by a User Equipment. The 
User Equipment measures the power of the received 
signal and determines whether the downlink-SIR is 
greater or less than a given SIR-target. The User Equip- 
ment generates a correction-signal, which usually con- 
sists of one or more bits, the so called Transmit Power 
Control (TPC)-bits. The Base Station receives the TPC- 
bits and adjusts the downlink-power accordingly. In this 
way it can bo ensured that the downlink-signal is pow- 
erful enough to enable a safe transmission even with 
the User Equipment being located in a radio shadow, e. 
g. when entering a building, or with a multipath-trans- 
mission. 

[0037] Hence the CLPC may be used for determining 



the location of the User Equipment and for adjusting the 
antenna-beam of an adaptive antenna accordingly. The 
signal which is emitted with a given power is used as 
the signals emitted by the first means of the Base Sta- 
5 tion. The TPC-bits are used as correction-signal. The 
antenna-beam is adjusted according to the TPC-bits. 
[0038] Said dimension in which the antenna-beam is 
being adjusted by said sixth means is preferebly the di- 
-rection-of-said-antenna-beam.-lt is -further suggested 



10 that said dimension alternatively or additionally is the 
width of said antenna-beam. 

[0039] Of course, the adaptive antenna of the mobile 
telecommunication system according to the present in- 
vention may be adjusted for downlink- and for uplink- 
's transmission of signals. However, according to an ad- 
vantageous embodiment of the present invention, it is 
suggested that said sixth means adjust said antenna- 
beam for the downlink-transmission of signals. The ad- 
vantages of the present invention are apparent in par- 
20 ticular when the antenna-beam of an adaptive antenna 
is adjusted for the downlink-transmission of signals. 
[0040] According to another preferred embodiment of 
the present invention it is suggested that said Base Sta- 
tion comprises correlation means for correlating said 
2S correction-signal with said jittering -code for each dimen- 
sion and that said sixth means adjust said antenna- 
beam according to the result of the correlation for each 
dimension. If the adaptive antenna is being varied in 
more than one dimension the correction-signal may 
30 contain mutual interferences caused by the signals for 
the various dimensions. By correlating the correction- 
signal with the jittering-code of each dimension a corre- 
lation-signal is obtained for each dimension in which the 
mutual interferences are eliminated. Preferebly, the cor- 
35 relation is performed over the length of a jittering-code- 
pattern, but of course, it may be performed over any oth- 
er length as well. If the correction-signal and the jittering- 
code are represented by a number of bits, the correla- 
tion-signal will consist of one or more bits. 
40 [0041] It is another object of the present invention to 
provide a Base Station of the kind mentioned in the be- 
ginning, which allows an adjustment of an adaptive an- 
tenna in a more simple way. 

[0042] - According to the invention, this object is solved 
45 by a Base Station of the kind mentioned in the begin- 
ning, 

characterized in that said antenna-beam is adjusted by 
means of a closed loop control comprising said Base 
Station and said User Equipment, said Base Stations 
50 comprising 

first means for varying said antenna-beam in at 
least one dimension according to a given jittering- 
code and for emitting said signals with a given emit- 
55 ting characteristic, 

fifth means for receiving a correction-signal emitted 

by said User Equipment and 

sixth means for adjusting said antenna-beam ac- 
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cording to said correction-signal. 

[0043] The signals emitted by the Base Station are re- 
ceived by said User Equipment. The User Equipment 
evaluates the receiving characteristic of said signals 
and emits a correction-signal depending on the result of 
said evaluation of said receiving characteristic. The cor- 
rection-signal is received by the Base Station. The an- _ 
tenna-bearn is adjusted according to said-correction^- 
signal. The Base Station according to the present inven- 
tion makes part of the closed loop control for easily ad- 
justing the antenna-beam. 

[0044] According to a preferred embodiment of the 
present invention said jittering-code is a code from an 
orthogonal code group. Such orthogonal codes are 
used, for example, as channellisation-codes for down- 
link- and uplink-transmission of signals by means of a 
Code Division Multiple Access (CDMA)-method. The 
CDMA-method is used in mobile telecommunication 
systems working according to the Universal Mobile Tel- 
ecommunication System (UMTS)-standard. Therefore, 
the channellisation-codes of the UMTS-teiecommunica- 
tion system may be used as jittering-codes. 
[0045] According to another preferred embodiment of 
the present invention it is suggested that the jittering- 
codes of said Base Station is synchronized with the jit- 
tering-codes of the other Base Stations of said telecom- 
munication system. 

[0046] According to yet another embodiment the jit- 
tering-codes of said Base Station are different to the jit- 
tering-codes of the other Base Stations of said telecom- 
munication system. 

[0047] Finally it is suggested that as said correction- 
signal the Transmit Power Control (TPC)-bits of a 
Closed Loop Power Control (CLPC) of the telecommu- 
nication system is used. 

[0048] It is another object of the present invention to 
provide a User Equipment of the kind mentioned in the 
beginning, which supports an adjustment of an adaptive 
antenna of the Base Station in a more simple way. 
[0049] According to the invention, this object is solved 
by a User Equipment of the kind mentioned in the be- 
ginning, 

characterized in that said antenna-beam is adjusted by 
means of a closed loop control comprising said Base 
Station and said User Equipment, said User Equipment 
comprising 

second means for receiving signals emitted by said 
Base Station, 

third means for evaluating the receiving 

characteristic of said signals and 

fourth means for emitting a correction-signal, which 
depends on the result of said evaluation of said re- 
ceiving characteristic, and depending on which the 
antenna-beam is adjusted. 



[0050] The correction-signal is received by the Base 
Station. The Base Station then adjusts the antenna- 
beam according to said correction-signal. The User 
Equipment according to the present invention makes 
s part of the closed loop control for easily adjusting the 
antenna-beam of said Base Station. 
[0051] According to a preferred embodiment of the 
present invention it is suggested that as said correct ion- 
-signaUthe-Transmit Power Control (TPC)-bits of a 



io Closed Loop Power Control (CLPC) of the telecommu- 
nication system is used. 

[0052] Further embodiments of the present invention 
as well as further advantages of the invention are out- 
lined in the following description of the figures. 

is 

Figure 1 shows a symbolic illustration of the mobile 
telecommunication system according to 
the present invention in a preferred embod- 
iment; and 

20 

Figure 2 shows a Walsh-Hadamard-code-tree for 
determining a number of orthogonal chan- 
nelisation-codes. 

25 [0053] A mobile telecommunication system according 
to the present invention in a preferred embodiment is 
designated in its whole as reference numeral 1 in figure 
1. The telecommunication system 1 comprises a Base 
Station BS and three User Equipment UE1 to UE3, 

30 which may be implemented as mobile phones of end 
users. The Base Station BS has an adaptive antenna 2 
for downlink- and uplink-transmission of signals be- 
tween said Base Station BS and said User Equipment 
UE1 to UE3 by means of an adjustable antenna-beam 

35 3. The transmitted signals may be information-signals 
, containing voice data or other information respectively 
or they may be control-signals containing data for con- 
trolling the transmission between the Base Station BS 
and the User Equipment UE1 to UE3. The antenna- 

40 beam 3 is adjustable in its direction in its width or in any 
other dimension respectively In the present embodi- 
ment ol the invention the antenna-beam 3 is adjusted in 
its direction in order to improve the efficiency ot the an- 
tenna 2.-An improvement in efficiency allows the trans- 

45 mission of signals between the Base Station BS and the 
User Equipment UE1 to UE3 to be carried out with less 
antenna-power and will consequently reduce mutual in- 
terferences between the signals transmitted between 
the Base Station BS and the various User Equipment 

so UE1 to UE3 and the signals transmitted between anoth- 
er Base Station and other User Equipment. 
[0054] The mobile telecommunication system 1 ac- 
cording to the present embodiment of the invention 
works according to the Universal Mobile Telecommuni- 

55 cation System (UMTS)-standard. In UMTS-telecommu- 
nication systems signals are transmitted between the 
Base Station BS and the User Equipment UE1 to UE3 
by means of a Code Division Multiple Access (CDMA)- 
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method. With the CDMA-method signals are encoded 
for transmission according to a channellisat ion-code. In 
order to prevent mutual interferences of the signals the 
channellisation-codes for encoding the signals are or- 
thogonal to one another. 

[0055] The telecommunication system 1 according to 
the present embodiment of the invention has a so called 
Closed Loop Power Control (CLPC), which makes for 
adjusting the transmit-power between the Base Station 
BS and the User Equipment UE1 to UE3. An uplink 
closed loop power control is provided to adjust the User 
Equipment transmit-power in order to keep the received 
uplink Signal-to-lnterierence Ratio (SIR) at a given SIR- 
target. A downlink closed loop power control is provided 
to adjust the Base Station transmit-power in order to 
keep the received downlink-SIR at a given SIR-target. 
A detailed description of the CLPC-1 unction can be 
found in 3GPP TS 25.214 (3rd Generation Partnership 
Body). 

[0056] Roughly, the downlink closed loop power con- 
trol works in the following way. The Base Station BS 
emits a signal which is received by a User Equipment 
UE1 to UE3. The User Equipment UE1 to UE3 meas- 
ures the power of the received signal and determines 
whether the downlink-SIR is greater or less than a given 
SIR-target. The User Equipment UE1 to UE3 generates 
a correction-signal 4, which usually consists of one bit, 
which for reasons of redundancy is repeated several 
times during transmission, the so called Transmit Power 
Control (TPC)-bits. The Base Station BS receives the 
TPC-bits and adjusts the downlink-power accordingly. 
In this way it can be ensured that the downlink-signal is 
powerful enough for a safe transmission of signals even 
"with the User Equipment UE1 to UE3 being located in 
a radio shadow, e. g. when entering a building. 
[0057] The Base Station BSof the telecommunication 
system 1 comprises first means for varying the antenna- 
beam 3. The antenna-beam 3 is varied in at least one 
dimension. According to the preferred embodiment of 
the invention shown in Figure 1 the direction of the an- 
tenna-beam 3 is varied between a first direction (an- 
tenna-beam 3') and a second direction -A (antenna- 
beam 3 n ). 

[0058] The antenna-beam 3 is varied according to a 
given jitte ring-code. The jitte ring-code may consist of a 
number of bits. Preferebly the channellisat ion -code for 
the encoding of signals tor transmission with the CDMA- 
method is used as jittering-code. There is a seperate 
channellisation-code for the transmission of signals be- 
tween the Base Station BS and each User Equipment 
UE. These channelisation-codes will do perfectly well 
as jittering-codes as long as the antenna-beam 3 is var- 
ied in one dimension only. However, if the antenna- 
beam 3 is varied in more than one dimension, e. g. the 
direction and the width of the antenna-beam 3 is varied, 
a seperate jittering-code has to be created for each di- 
mension the antenna-beam 3 is varied in. For prevent- 
ing mutual interferences between the signals of the var- 



ious dimensions the jittering-codes should be orthogo- 
nal to one another. 

[0059] A very simple but effective way of creating or- 
thogonal jittering-codes is suggested in what follows. 

5 The channellisation-codes are determined by means of 
the so called Walsh-Hadamard-code-tree. Figure 2 
shows a Walsh-Hadamard-code-tree with four levels. 
Beginning from the top of the tree the first level (level 0) 
contains only-one-possible-channel lisation-code with a 

io 1 -bit-length (2 A 0). The channellisation-code of level 0 
has the value "1°. 

[0060] The next lower level of the tree contains twice 
the number and twice the length of channellisation- 
codes of the higher level, i. e. the second level (level 1) 

is contains two codes of a 2-bit-length (2 A 1) each. The 
channellisation-codes of a certain level are orthogonal 
to one another. For every channellisation-code of a cer- 
tain level two codes of the next lower level can be cre- 
ated. The first code of the next lower level is created by 

20 placing the channellisation-code of the higher level 
twice one after the other. So the first code of level 1 has 
the value "1 1 D . The second code of the next lower level 
is created by first placing the channellisation-code of the 
higher level and then placing the inverted channellisa- 

25 tion-code of the higher level one after the other. So the 
second code of level 1 has the value "1 -1". 
[0061] If more than one jittering-code is needed, not 
the channellisation-code itself is used as jittering-code, 
but codes of a level below the channellisation-code. De- 

30 pending on the number of jittering-codes needed, i. e. 
the number of dimensions the antenna-beam 3 is varied 
in, the codes of a certain number of levels below the 
level of the channellisation-code are. used as jittering- 
codes. 

35 [0062] If the antenna-beam 3 is varied in n = 2 dimen- 
sions, two jittering-codes are needed. These are ob- 
tained by using codes which are 1 levels belowthe chan- 
nellisation-code in the Walsh-Hadamard-code-tree. The 
value of 1 is calculated with 1 = round up {log 2 n} = round 

40 up {In 2/|n 2) = round up {1 .0/1 .0} = round up {1 .0} = 1 . 
This means that codes are used which are one level be- 
low the level of the channellisation-code. If the channel- 
lisation-code had a 128-bit-length (2 A 7; level 7), the jit- 
tering-codes in this example had a length of 256-bits 

45 (2^8; level 8). 

[0063] The first means of the Base Station BS also 
emit signals with a given emitting characteristic. The 
emitting characteristic may, for example, be the power, 
the signal-to-interference ratio (SIR) or any other phys- 

50 ical characteristic of the signals. Preferebly, the signals 
emitted by the Base Station BS in the scope of the 
Closed Loop Power Control (CLPC) are used as these 
signals. 

[0064] The antenna-beam 3 is varied at a smaller f re- 
55 quency than the frequency of the signals being emitted 
by the Base Station BS. Typical values for the frequen- 
cies are about 1,500 Hz for the variation-frequency of 
the antenna-beam 3 and about 3.84 MHz for the trans- 
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mitting-f requency of the signals. 

[0065] The User Equipment UE1 to UE3 comprises 
second means for receiving said signals with a certain 
receiving characteristic. The receiving characteristic is 
of the same kind as the emitting characteristic, i. e. the 
power, the signal-to-interf erence ratio (SIR) or any other 
physical characteristic of the signals, but usually of a 
different value. 

[0066] Depending on the location of the User Equip- 
ment UE1 to UE3in respect to the antenna 2 of the Base 
Station BS the receiving characteristic will vary. If, for 
example, the varying antenna-beam 3 reaches the User 
Equipment UE1 to UE3 constantly, the receiving char- 
acteristic will have a more or less constant value. If, how- 
ever, the varying antenna-beam 3 reaches the User 
Equipment UE1 to UE3 just from time to time the receiv- 
ing characteristic will probably have a value oscillating 
with the variation-frequency of the antenna-beam 3. If 
the antenna-beam 3 reaches the User Equipment UE1 
to UE3 more or less directly it is most probable that, for 
example, the power of the received signals has a higher 
value than if the antenna-beam 3 reached the User 
Equipment UE1 to UE3 only after a number of reflec- 
tions at the front of buildings or at a series of mountains. 
It may therefore be said that the receiving characteristic 
of the signals depends very much on the location of the 
User Equipment UE1 to UE3 in respect to the Base Sta- 
tion BS. 

[0067] If, furthermore, the antenna-beam 3 is varied 
in the dimension of its direction, the receiving charac- 
teristic of the signals will be different to the receiving 
characteristic of the signals if the antenna-beam 3 is var- 
ied in the dimension of its width. 

[0068] The User Equipment UE1 to UE3 furthermore 
comprises third means for evaluating said receiving 
characteristic of the signals. Preferably the variation of 
the antenna-beam 3 is interrupted for a short period in 
order to let the User Equipment UE1 to UE3 carry out 
the reception of the signals by the second means and 
the evaluation of the received signals by the third means 
without disturbances. 

[0069] In addition the User Equipment UE1 to UE3 
comprises fourth means for emitting the correction-sig- 
nal 4, which depends on the result of said evaluation of 
said receiving characteristic. The correction-signal 4 de- 
pends on the receiving characteristic of the signals and 
can be used as an indication for the location of the User 
Equipment UE1 to UE3 in respect to the Base Station 
BS. According to the present embodiment of the inven- 
tion the Transmit Power Control (TPC)-bits of a Closed 
Loop Power Control (CLPC) of the mobile telecommu- 
nication system 1 is used as correction-signal 4. 
[0070] The Base Station BS comprises fifth means for 
receiving the correction-signal 4. The Base Station BS, 
furthermore, comprises sixth means for adjusting the 
antenna-beam 3 according to the received correction- 
signal 4. Of course, before adjusting the antenna-beam, 
it has to be determined how the correction-signal 4 is to 



be interpreted, that is how the antenna-beam 3 has to 
be varied according to the correction-signal 4 so that the 
transmitted signals reach the User Equipment UE1 to 
UE3 with the highest efficiency possible. There are dif- 
s ferent ways of adjusting the antenna beam 3 : preferebiy 
the direction or the width of the antenna beam 3 is var- 
ied. 

[0071] In Figure 1 three different cases of a User 

Equipment-UE-1~to-UE3 being located within the reach 

fo of the antenna-beam 3 are shown. In the first case, User 
Equipment UE1 is located in respect to the Base Station 
BS in such a manner that it is constantly reached by the 
varying antenna-beam 3, 3' and 3\ The User Equipment 
UE1 will receive the signals with a more or less constant 
15 receiving characteristic and therefore will emit a more 
or less constant correct ion -signal 4. The Base Station 
BS will adjust the antenna-beam 3 according to the cor- 
rection-signal 4. 

[0072] In the second case, User Equipment UE2 is lo- 

20 cated in respect to the Base Station BS in such a manner 
that it is reached by the antenna-beam 3 and the varied 
antenna-beam 3'. The User Equipment UE2 is located 
out of reach of the varied antenna-beam 3". Depending 
on whether the antenna-beam 3, 3' reaches the User 

2£ Equipment UE2 or not, the User Equipment UE2 will re- 
ceive the signals with varying receiving characteristics 
and therefore will emit a varying correction-signal 4. The 
Base Station BS will adjust the antenna-beam 3 accord- 
ing to the correction-signal 4. 

30 [0073] In the third case it is presumed that User Equip- 
ment UE3 is located in respect to the Base Station BS 
in such a manner that only the varied antenna-beam 3* 
reaches the User Equipment UE3. Depending on 
whether the antenna-beam 3* reaches the User Equip- 

35 ment UE3 or not the User Equipment UE3 will receive 
the signals with varying receiving characteristics and 
therefore will emit a varying correction-signal 4. The 
Base Station BS will adjust the antenna-beam 3 accord- 
ing to the varying correction-signal 4. 

40 [0074] Optionally the Base Station BS may further- 
more comprise correlation means for correlating said 
correction-signal 4 with said jittering -code for each di- 
mension. If the adaptive antenna 2 is being varied in 
more than one dimension the correction-signal 4 may 

45 contain mutual interferences caused by the signals of 
the various dimensions. By correlating the correction- 
signal 4 with the jittertng-codes of each dimension a cor- 
relation-signal is obtained for each dimension in which 
the mutual interferences are eliminated. Preferebiy, the 

so correlation is performed over the length of the jittering- 
code-pattern, but, of course, it may be performed over 
any other length as well. 

[0075] The correlation means may also correlate the 
correction-signal 4 of one the User Equipment UE1 to 
55 UE3 operated by the Base Station BS with the correc- 
tion-signals 4 of the other User Equipment UE1 to UE3 
operated by said Base Station BS. If the Base Station 
BS operates more than one User Equipment UE1 to 
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UE3 simultaniously the correct ion -signal 4 may contain 
mutual interferences caused by the signals during trans- 
mission between the Base Station BS and the various 
User Equipment UE1 to UE3. By correlating the correc- 
tion-signal 4 of one User Equipment UE1 to UE3 with 
the correction-signals 4 of the other User Equipment 
UE1 to UE3 operated by the same Base Station BS a 
correlation-signal is obtained for each User Equipment 
UE1 to UE3 in which the mutual interferences are elim- 
inated. The mutual interferences are eliminated be- 
cause the correction-signals 4 are orthogonal to one an- 
other due to the orthogonality of the channellisation- 
codes used by the Base Station BS. The sixth means 
then adjust said antenna-beam 3 according to the result 
of the correlation for each dimension. 
[0076] The mobile telecommunication system 1 ac- 
cording to the present invention has the advantage, that 
the antenna-beam 3 of the adaptive antenna 2 can be 
adjusted in a very simple way. For adjusting the anten- 
na-beam 3 a closed loop control is used. 



Claims 

1 . Mobile telecommunication system (1 ) comprising at 
least one Base Station (BS) and at least one User 
Equipment (UE), a Base Station (BS) having an 
adaptive antenna (2) for downlink- and uplink-trans- 
mission of signals between said Base Station (BS) 
and a User Equipment (UE) by means of an adjust- 
able antenna-beam (3), characterized in that said ' 
antenna-beam (3) is adjusted by means of a closed 
loop control comprising said Base. Station (BS) and 
said User Equipment (UE), 

said Base Station (BS) comprising first means 
for varying said antenna-beam (3) in at least 
one dimension according to a given jittering- 
code and for emitting said signals with a given 
emitting characteristic, 

said User Equipment (UE) comprising second 
means for receiving said signals with a certain 
receiving characteristic, 

said User Equipment (UE) comprising third 
means for evaluating said receiving character- 
istic, 

said User Equipment (UE) comprising fourth 
means for emitting a correction-signal (4), 
which depends on the result of said evaluation 
of said receiving characteristic, 
said Base Station (BS) comprising fifth means 
for receiving said correct ion -sign a I (4) and 
said Base Station (BS) comprising sixth means 
for adjusting said antenna-beam (3) according 
to said correction-signal (4). 

2. Telecommunication system (1) according to claim 
1 , characterized in that said signals are transmitted 



by means of a Code Division Multiple Access (CD- 
MA)-method between said Base Station (BS) and 
said User Equipment (UE). 

5 3. Telecommunication system (1 ) according to claim 1 
or 2, characterized in that said jittering-code is a 
code from an orthogonal code group. 



4. Telecommunication system-(-1-)_according.to_claim 
10 3 ( characterized in that the jittering-code is deter- 
mined by means of the Walsh-Hadamard-code- 
tree. 

5. Telecommunication system (1 ) according to claim 3 
'5 or 4, characterized in that the jittering-codes of sev- 
eral Base Stations (BS) of said telecommunication 
system (1 ) associated to the same User Equipment 
(UE) are synchronized to one another 

20 6. Telecommunication system (1) according to claim 
5, characterized in that the jittering-codes of said 
various Base Stations (BS) are synchronized by 
means of a Global Positioning System (GPS). 

2S 7. Telecommunication system (1 ) according to claim 5 
or 6, characterized in that the jittering-codes of said 
vaious Base Stations (BS) have different values. 

8. Telecommunication system (1 ) according to one of 
30 the claims 2 to 7, characterized in that said first 

means vary said antenna-beam (3) in one dimen- 
sion and that a channellisation-code of the CDMA- 
telecommunication system is used as said jittering- 
code. 

35 

9. Telecommunication system (1 ) according to claim 4 
to 7, characterized in that said first means vary said 
antenna-beam (3) in n dimensions and that a code 
is used as said jittering-code, which is 1 levels be- 

40 low the channellisation-code of the CDMA-telecom- 
munication system (1) in the Walsh -Hadamard- 
code-tree, with I = round up {loggn}. 

10. Telecommunication system (1) according to one of 
45 the claims 1 to 9, characterized in that said third 

means compare said receiving characteristic with a 
given receiving level and that said correction-signal 
(4) depends on whether the receiving characteristic 
is greater or less than the receiving level. 

so 

11. Telecommunication system (1) according to claim 
10, characterized in that said first means for emit- 
ting said signals, said second means for receiving 
said signals, said third means for evaluating said 

55 receiving characteristic, said fourth means for emit- 
ting said correction-signal (4) and said fifth means 
for receiving said correction-signal (4) make part of 
a closed loop power control (CLPC) of the telecom- 
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munication system (1 ). 19. 



12. Telecommunication system (1 ) according to one of 
the claims 1 to 1 1 , characterized in that said dimen- 
sion in which said antenna-beam (3) is being ad- 
justed by said sixth means is the direction of said 
antenna-beam (3). 

13. Telecommunication system (1 ) according to one of 
the claims 1 to 12, characterized in that said dimen- 
sion in which said antenn-beam (3) is being adjust- 
ed by said sixth means is the width of said antenna- 
beam (3). 



Base Station (BS) according to claim 17 or 18, char- 
acterized in that the jittering-codes of said Base Sta- 
tion (BS) are different to the jittering-codes of the 
other Base Stations (BS) of said telecommunication 
s system (1). 

20. Base Station (BS) according to one of the claims 1 6 
to 1 9, characterized in that as said correction-signal 

(4)-the_Transmtt_Power._Control. (TPC)-bits of a 

10 Closed Loop Power Control (CLPC) of the telecom- 
munication system (1) is used. 

21. User Equipment (UE) of a mobile telecommunica- 
tion system (1 ) comprising at least one Base Station 
(BS) and at least said User Equipment (UE), a Base 
Station (BS) having an adaptive antenna (2) for 
downlink- and uplink-transmission of signals be- 
tween said Base Station (BS) and said User Equip- 
ment (UE) by means of an adjustable antenna- 
beam (3), characterized in that said antenna- 
beam (3) is adjusted by means of a closed loop con- 
trol comprising said Base Station (BS) and said Us- 
er Equipment (UE), said User Equipment (UE) com- 
prising 

second means for receiving signals emitted by 
said Base Station (BS), 

third means for evaluating the receiving char- 
acteristic of said signals and 
fourth means for emitting a correction-signal 
(4), which depends on the result of said evalu- 
ation of said receiving characteristic, and de- 
pending on which the antenna-beam (3) is ad- 
justed. 

22. User Equipment (UE) according to claim 21 , 
characterized in that as said correction-signal (4) 
the Transmit Power Control (TPC)-bits of a Closed 
Loop Power Control (CLPC) of the telecommunica- 
tion system (1) is used. 



14. Telecommunication system (1 ) according to one of is 
the claims 1 to 1 3, characterized in that said sixth 
means adjust said antenna-beam (3) for the down- 
link-transmission of signals. 

15. Telecommunication system (1 ) according to one of 
the claims 9 to 14, characterized in that said Base 
Station (BS) comprises correlation means for cor- 
relating said correction-signal (4) with said jittering- 
code for each dimension and that said sixth means 
adjust said antenna-beam (3) according to the re- 2s 
suit of the correlation for each dimension. 

16. Base Station (BS) of a mobile telecommunication 
system (1), the Base Station (BS) having an adap- 
tive antenna (2) for downlink- and uplink-transmis- 30 
sion of signals between said Base Station (BS) and 
a User Equipment (UE) of said mobile telecommu- 
nication system (1) by means of an adjustable an- 
tenna-beam (3), characterized in that said anten- 
na-beam (3) is adjusted by means of a closed loop 35 
control comprising said Base Station (BS) and said 
User Equipment (UE), said Base Stations (BS) 
comprising 

first means for varying said antenna-beam (3) 40 
in at least one dimension according to a given 
jitte ring-code and for emitting said signals with 
a given emitting characteristic, 
fifth means for receiving a correction-signal (4) 
emitted by said User Equipment (UE) and 45 
sixth means for adjusting said antenna-beam " 
(3) according to said correction-signal (4). 

1 7. Base Station (BS) according to claim 1 6, character- 
ized in that said jittering-code is a code from an or- so 
thogonal code group. 

1 8. Base Station (BS) according to claim 1 6 or 1 7, char- 
acterized in that the jittering-codes of said Base Sta- 
tion (BS) is synchronized with the jittering-codes of ss 
the other Base Stations (BS) of said telecommuni- 
cation system (1). 
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